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Objectives: The Rho subfamily of small GTPases,
including RhoA, Rac1, and Cdc42, regulates diverse
cellular functions, including polarity, migration, and
actin-based cytoskeleton dynamics. Our prior studies estab-
lished an essential role for Cdc42 in vascular network as-
sembly, demonstrating that the genetic inactivation of
Cdc42 yields defective vascular morphogenesis due to
impaired migration of endothelial precursor cells. We
have further shown that protein kinase Ciota and glycogen
synthase kinase-3b are downstream effectors of Cdc42 and
are involved in mediating vascular network assembly. How-
ever, the guanine nucleotide exchange factors (GEFs) that
activate Cdc42, remain unknown.
Methods: We performed afﬁnity pulldown assays us-
ing a nucleotide-free Cdc42 G15A mutant that speciﬁcally
binds to Cdc42 GEFs. Mass spectrometric analysis identi-
ﬁed Zizimin1, an upstream regulatory protein, as a candi-
date Cdc42 GEF.
Results: During vasculogenesis in embryoid bodies
(EBs) differentiated from embryonic stem cells, Zizimin1
is highly expressed in aggregated endothelial cell precursors
before vascular network formation. Surprisingly, stable
overexpression of Zizimin1 in EBs resulted in the inhibi-
tion of blood vessel formation compared with control, evi-
denced by immunohistochemistry demonstrating loss of
vascular network development. Afﬁnity pulldown assay
helped to elucidate that overexpression of Zizimin1 in-
creases Cdc42 activity; however, the activation of Rac1
and RhoA is signiﬁcantly inhibited.
Conclusions: Because Rac1 and RhoA signaling has
been reported to play an essential role in embryonic blood
vessel formation, our results suggest that the interplay be-
tweenRhoGTPases guides vascular network assembly during
development. Furthermore, these ﬁndings provide novel in-
sights into the mechanisms of embryonic vasculogenesis
and also important new information for the design of poten-
tial proangiogenic and/or antiangiogenic therapies.
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Objectives: The concept of surface modulation holds
much promise for the future development of vascular
grafts. Our aim is to enhance a nanocomposite material us-
ing surface modiﬁcation techniques, such as plasma tech-
nology and surface patterning, to augment both surface
chemistry and topography with a view towards
endothelialization.
Methods: Polyhedral oligomeric silsesquioxane
(POSS) was combined with polycarbonate urea urethane
(PCU) to produce a nanocomposite polymer. Micro-
grooves with pitch size of 25 mm were created using
photolithography. Fidelity was veriﬁed with scanning elec-
tron microscopy (SEM) and atomic force microscopy
(AFM). The polymer was then exposed to pure O2 plasma
and contact angles were measured. Human umbilical vein
endothelial cells (HUVECs) were then seeded onto
POSS-PCU. The metabolic activity of the cells was
assessed, and immunostaining was used and subsequently
visualized with confocal microscopy.
Results: Contact angle results (mean, 85) show the
increased hydrophilicity of the polymer surface. Both
AFM and SEM conﬁrm the high replication ﬁdelity of
the microgrooves within the surface of the polymer using
photolithography. Metabolic activity of HUVECs on the
surface modiﬁed polymer was signiﬁcantly increased
compared with control (P < .05). Further immunostaining
conﬁrms the adhesive nature of the cells as well as the
migratory potential.
Conclusions: A combination of plasma technology
and surface patterning to augment both surface chemis-
try and topography on a nanocomposite polymer pro-
motes increased endothelial cell adhesion, migration,
and proliferation. The ordered microgrooves were seen
to enhance cellular adhesion and spreading. Plasma tech-
nology and microgrooving is a promising methodology
to optimize luminal endothelization and the prospect
for “self-endothelization.”
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Objectives: Despite prophylactic antibiotics and
aseptic technique, prosthetic graft infections continue to
cause signiﬁcant morbidity and mortality. In contemporary
reports, in vivo models have tested a conduit’s infectability
using concentrations from 104 to 109 colony-forming
units (CFU) per mL. Using an in vitro model, we evaluated
the impact of inoculation concentrations on prosthetic
graft attachment.
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Staphylococcus aureus TCH1516 and Pseudomonas aerugi-
nosa PA01-UW was determined on polytetraﬂuoroethy-
lene, Dacron, nitinol, cobalt chromium, and Viabahn
endoprosthesis. Individually and in combination, concen-
trations at 104, 105, 106, 107, and 108 were tested on
2-mm sections of each graft. After each time interval, the
prosthetics were rinsed to remove nonattached bacteria,
sonicated to release the attached bacteria, spiral plated,
and then analyzed for the attached concentration.
Results: After 2 hours, there was a signiﬁcant differ-
ence in the median attachment rates on Dacron (14%)
compared with nitinol (2.1%), cobalt (1.4%), and Viabahn
(0.73%) across all bacterial combinations (P < .05). Pseudo-
monas aeruginosa achieved the greatest attachment at most
concentrations, regardless of the material. At the 24-hour
mark, the median attachment for each concentration was
greater than the highest initial concentration (108), with
nitinol and cobalt having a statistically signiﬁcant lower
attachment (P < .05).
Conclusions: Initial attachment is consistently poor,
regardless of inoculation concentration, but greater on
the synthetic grafts compared with metal stents. However,
after 24 hours in a nutrient-poor environment, Staphylo-
coccus aureus and Pseudomonas aeruginosa are still able to
achieve full attachment throughout.
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Objectives: Using a novel murine arteriovenous ﬁstula
(AVF) model, we sought to study the changes in extracel-
lular matrix (ECM) during normal adaptation of the
venous limb of the maturing AVF.
Methods: AVF were created in C57BL/6 mice and
the venous limb was extracted at postoperative days
(POD) 1, 3, 7, 21, and 42. Specimens were analyzed by
RT-PCR, histology, and immunohistochemistry (IHC).
Proteases, protease-inhibitors, collagens, glycoproteins,
and other noncollagenous proteins were characterized.
Results: Quantitative PCR demonstrated a signiﬁcant
ﬁvefold increase in matrix metalloproteinase (MMP)-9 and
a 200-fold increase in MMP-3 messenger (m)RNA expres-
sion at POD 1, and MMP-2 and MMP-12 by 15-fold and
100-fold, respectively, at POD 7. All tissue inhibitors of
metalloproteinases (TIMPs) mRNA expression were signif-
icantly increased at POD 21; TIMP1 was signiﬁcantly
increased by at least 10-fold at POD1-21. Collagens I,
III, and IV mRNA expression were increased signiﬁcantly
at POD7, with collagen III increasing earlier at POD3 by
10-fold. Fibronectin, perlecan, syndecan-2, versican, andvitronectin mRNA expression were all signiﬁcantly
increased at POD21. Fibrillin-1 and elastin were increased
at POD3 and 7. Thrombospondin-2 was signiﬁcantly
increased at POD7; osteopontin was increased nearly
200-fold at POD 1. IHC demonstrated this increased ex-
pression of MMPs, TIMPs, collagens I and III, osteopon-
tin, and ﬁbronectin at respective signiﬁcant time points;
EVG staining characterized elastin deposition at POD7.
Conclusions: Early ECM breakdown is initiated by
MMP-3, MMP-9, and TIMP1 in the ﬁrst few days after cre-
ation of AVF; MMP-2 and MMP-12 continue the early
ECMremodeling. At 1week, the foundation for remodeling
is establishedwith deposition of collagens I and III and ﬁbril-
lin-1 and Elastin. A transition phase begins with anti-angio-
genic thrombospondin-2 upregulation and all TIMPs
increased at POD21. A late-phase remodeling with larger
ECM proteins and glycoproteins is underway by POD21.
The remodeling of the venous limb of the AVF is character-
ized by early ECM breakdown and occurs in phases during
the ﬁrst 3 to 6 weeks after surgery.
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Objectives: The arteriovenous ﬁstula (AVF) is the gold
standard for hemodialysis access but continually exhibits
poor patency compared with other vascular constructs,
reﬂecting our imperfect understanding of ﬁstula maturation
and adaptation to the arterial circulation. We hypothesized
that the mouse AVF model reﬂects human AVF maturation
and that the shear stress ﬂowing through the AVF deter-
mines the maturation and patency of the ﬁstula.
Methods: The aortocaval AVF was created in C57Bl/6
mice using a 25-gauge needle. AVF patency and functional
status were determined using ultrasound, histology, blood
gas measurement, and molecular biological methods. Shear
stress was altered using 22-gauge and 28-gauge needles to
increase and decrease the shear stress, respectively.
Results: The mouse aortocaval ﬁstula showed three
distinct phases after a technically successful procedure. In
the immediate phase (days 0-1), 23.5% showed occlusion
due to thrombosis. The maturation phase (days 2-21) was
characterized by a slight increase of AVF patency from
76.5% (day 1) to 80.1% (day 21) and increased inferior
vena cava diameter by 49%. The failure phase (days 21-42)
showed neointimal hyperplasia and occlusion in 33% of the
mature AVFs. Shear stress in aortae proximal to AVFs
created with the 22-gauge needle was increased by 109%
